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MULTIPLE CHANNEL SYSTEM, APPARATUS AND METHOD 
FOR TRANSPORTING PARTICULATE MATERIAL 

BACKGROUND OF THE INVENTION 
5 1. Field of the Invention 

The present invention relates generally to systems, apparatuses and 
methods for transporting and metering particulate material and, in preferred 
embodiments, to such a system, apparatus and method which employs multiple 
transport channels formed, in preferred embodiments, between three or more disks, 

10 

2. Description of Related Art 

A wide variety of equipment has been used to either transport or 
meter particulate material (such as, but not limited to, coal, other mined materials, 
chemicals, dry food products, other dry goods handled in solid, particle form). Such 

15 transport equipment includes conveyor belts, rotary valves, lock hoppers, screw-type 
feeders, etc. Exemplary measurement or metering devices include weigh belts, 
gravametric and volumetric hoppers and the like. In order to provide both transport 
and metering of particulate material, it was typically necessary to use or combine 
both types of devices into a system. 

20 However, applicant's earlier developments resulted in particulate 

transport devices which included the capability of both transporting and metering 
particulate material. Examples of such prior devices include the rotary disk type 
piunps discussed in the following U.S. patents, each of which is assigned or licensed 
to the assignee of present invention and each of which is incorporated herein by 

25 reference: U.S. Pat. No. 4,516,674 (issued May 14, 1985); U.S. Pat No. 4,988,239 
(issued Jan. 29, 1991); and U.S. Pat. No. 5,051,041 (issued Sep. 24, 1991); U.S. Pat. 
No. 5,355,993 (issued Oct. 28, 1994); U.S. Pat. No. 5,381,886 (issued Jan. 17, 
1995); U.S. Pat. No. 5,485,909 (issued Jan. 23, 1996); U.S. Pat. No. 5,497,873 
(issued March 12, 1996); U.S. Pat. No. 5,551,553 (issued Sept. 3, 1996). 

30 Improvements, with respect to apparatuses described in the above-cited patents, for 
transporting and metering particulate material across a pressure differential (such as 
into a pressurized system environment) are described in U.S. Pat. No. 5,402,876 
(issued in April 4, 1995), which is assigned to the assignee of the present invention 
and which is incorporated herein by reference. 

35 According to the above-cited patents, particulate material may be 

transported and metered through a transport apparatus having a transport duct 
defmed by at least one moving drive surface and a stationary surface. Embodiments 
illustrated in those patents include two moving surfaces defined by two rotary disks 
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arranged coaxial and spaced from each other. An example of a two^lisk apparatus 
as described in at least some of the above-cited patents is sho^ in prior art Figs 1 
and 2 herem, wherein the apparatus 10 includes a housing 12 having an inlet 14 an 
outlet 1 6 and a drive rotor 1 8. The drive rotor 1 8 is composed of a hub 34 and a pair 
of disks 26 and 28. Figs. 1 and 2 herein are substantially similar to Figs. 1 and 2 of 
U.S. Patent No. 5,402,876, cited above. 

The drive rotor 18 (and, thus, the pair of disks 26 and 28) are 
momited on a shaft 20, which is mounted for rotation relative to the housing and is 
coupled to a motor (not shown) for rotation in the direction of arrow 24. A transport 
channel is defined within the space between the opposing faces 36 and 38 of the 
disks 26 and 28, and is bounded on the imier and outer diameters of the disk faces by 
hub 34 and stationary imier walls 44 and 46 in the housing. As described in the 
above-cited patents, when the rotor 18 is driven in the direction of arrow 24 the disk 
faces 36 and 38 define movmg drive surfeces which, in combination with tl^e 
stationary surfaces of walls 44 and 46. act on the particles to cause the particles to 
mter-lock and bridge across the transport channel. 

As the particles interlock with each other and bridge across the 
transport chamiel, the outermost particles engage the drive waUs, such that drive 
force IS transferred from the drive walk to the interlocked mass of particles This 
uiterlockmg and bridging action provides, in effect, a compacted transient solid 
spamung the width of the chamiel. Moreover, as a result of the drive force imparted 
by the dnve walls, the transient solid of mterlocked particles forms a moving 
dynamic mass, driven out of the outlet of the apparatus. 

Two-disk transport qjparatuses such as described above have proven 
to be capable of transporting and metering a variety of particulate materials that had 
previously been relatively difficult to efiBciently transport and meter, including coal 
particles of varying sizes, grains havmg relatively low mass, sand, various 
chemicals, and chemical and mineral process feedstocks. Furthermore, because the 
movmg dynamic mass of particulate material effectively fills the transport channel 
as It IS moved out from the outlet of such apparatuses, the rate at which particulate 
matenal is transported out of the apparatus (the through-put of the ^paratus) is a 
function of the cross-sectional area of the transport chamiel at the outlet and the 
rotation speed of the disks. Other factors, such as the bulk density of the material 
being transported also affect the transport rate. Thus, for a given material, chamiel 
cross-sectional area, and disk rotation speed, the feed rate of such an apparatus may 
be detemuned. In addition, feed rates of such apparatuses can typically be regulated, 
to some extent, by controlling and varying the disk rotation speed. 
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However, in various operational environments, the maximum speed 
by which the disks can be rotated may be limited, for example, by the capabilities of 
the available drive motor or transmission linkage, the type of material being 
transported, or other operational or environmental factors. Therefore, in such 
5 environments, greater transportation rates (through-put) traditionally required larger 
transport channels and, thus, larger disks. For example, disks as large as 60 inches 
in diameter have been used in two-disk transport apparatuses to meet feed rate 
requirements as high as 70 tons per hour, for a coal-fired power plant furnace. 

The maximum size (diameter) of the disks may be limited by other 

10 operational and environmental constraints, for example, available space, weight 
handling capabilities, cost, safety or other factors. In addition, metering precision 
can be more difficult to control with a larger transport channel (disk diameter). 
Larger transport charmels have a greater tendency to produce avalanching or 
cascading effects (surging and ebbing of the feed rate) at the outlet, instead of 

1 5 feeding out at a uniform feed rate. 

An alternative to increasing the transport charmel dimension (disk 
diameter) was noted by Donald Firth (inventor of the above-cited U.S. Patent No. 
4,988,239). More specifically, while preferred embodiments of the apparatus shown 
in the above-cited '239 patent employ a single drive rotor having two disks. Dr. Firth 

20 noted that "it is also possible to provide transport apparatus having multiple drive 
rotors which receive material from a single or multiple inlets'* to provide "increased 
material through-put without [sic] having to increase the diameter of the rotor disk" 
(column 7, lines 23-29 of the '239 patent). Similar statements are made in the 
above-cited '876 patent, at column 11, lines 36-42. With reference to Fig: 2 of the 

25 '239 patent. Dr. Firth illustrated a drive rotor composed of two disks (26 and 28), 
where each disk includes a section of the hub (34). Similarly, a drive rotor is 
illustrated in Fig. 2 of the '876 patent as having two disks separated by a hub. 



SUMMARY OF THE DISCLOSURE 
30 Accordingly, the present disclosure relates to preferred embodiments 

and improvements of transport apparatuses having more than one transport channels, 
and systems and methods employing the same. 

According to a preferred embodiment, an apparatus for transporting 
particulate material includes a housing having an inlet for receiving particulate 
35 material and an outlet through which p2irticulate material is discharged in a moving 
dynamic mass. A rotor is supported for rotation within the housing, adjacent a 
stationary glide surface. The rotor has a plurality of disks spaced apart by hub 
sections and defining a plurality of transport channels between the disks, adjacent 



BNSDOCia <WO ^00079iaA1J_> 



wo 00/07912 

PCT/US99/16916 
« 

Ae glide surface. Each transport channel extends between the inlet and the outlet 

The rotor IS rotated while particulate material is fed into the housing inlet TT,e 
particulate material is received within the tr^ort channels and, by the action of the 
rotatmg disks and the stationary glide surface, the particulate material in each of the 
tonsport chamiels interlocks with the disk walls and bridges across transport 
cham^el. The material is transported by the motion of the disk walls, as a moving 

dynanucmass. The moving dynamic mass from each transport chamiel is conveyed 
out of the outlet of the housing. 

'^"*»*°'"^"fig^ation may be provided with mechanisms for 
allowing Ae relative spacings of disks to be selected and adjusted. The inlet and 
outiet configu^tions of the housing may be provided with frame portions or barrier, 
that align with disks on the rotor, to provide separate inlet or outlet paths to the 
separate chamiels defined by the rotor. In a preferred embodiment, the housing is 
configured to accommodate any one of a plurality of rotors, each having different 
15 disk spacings and, thus, different channel widths. 

'^^^'^^^*s«^sed features and many other features and attendant 
advanmges of the present invention wiU become better understood by reference to 
the following detailed description when considered in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The detailed description will be made with reference to the 
accompanying drawings, wherein like numerals designate corresponding parts in the 
several figures. 

Fig. 1 is a sectional side view of a prior art transport apparatus 
Fig, 2 is a perspective cut away view of the prior art drive rotor of the 
transport apparatus of Fig. 1. 

Fig. 3 is a sectional side view of a transport apparatus according to an 
embodiment of the present invention. 

Fig. 4 is a cross section view of the tr^port apparatus shown in Fig 
3, taken along line 4-4 in Fig. 3 



Fig. 5 is an exploded view of a feeder apparatus with a multiple 
chamiel drive rotor according to an embodiment of the present invention. 

^ ■ ^ exploded views of drive rotors according to further 
J5 embodiments of the present invention. 

Fig. 9 is an exploded view of a transport apparatus according to a 
further embodiment of the present invention. 
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Fig. 10 is an exploded view of a rotor and housing components of a 
transport apparatus according to yet a further embodiment of the present invention. 

Fig. 1 1 is a perspective view of the housing components of the Fig. 
10 embodiment. 

5 Fig. 12 is a front schematic view of a transport system employing a 

transport apparatus according to the Fig. 10 embodiment. 

Fig. 1 3 is a side view of the transport apparatus and inlet member of 
the system of Fig. 12. 

Fig. 14 is a representative diagram of a rotor and inlet arrangement. 
10 Fig. 1 5 is a representative diagram of a fiirther rotor and inlet and 

outlet arrangements. 

Fig. 16 is a representative diagram of yet a further rotor and inlet 

arrangement. 

Fig. 1 7 is a representative diagram of a housing and rotor 
15 arrangement according to a further embodiment of the present invention. 

Fig. 1 8 is an exploded view of an end disk and a housing wall, 
according to a further embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 The following detailed description is of the best presently 

contemplated mode of carrying out the invention. This description is not to be taken 
in a limiting sense, but is made merely for the purpose of illustrating general 
principles of embodiments of the invention. The scope of the invention is best 
defined by the appended claims. 

25 The present invention relates generally to systems, apparatuses and 

methods for transporting and metering particulate material employing rotary disk 
principles such as described in the above-cited patents, and further employing 
multiple transport channels between three or more disk surfaces. According to 
example embodiments described herein, a transport or feeding apparatus comprises a 

30 housing having an inlet and an outlet and an interior which contains a drive rotor 
moxmted for rotation relative to the housing. The side view of the apparatus may 
appear, for example, similar to the side view of the prior art apparatus shown in Fig. 
1 . However, unlike the prior art apparatus of Fig. 1 , in preferred embodiments of the 
present invention the drive rotor defines a plurality of transport channels between 

35 four or more drive surfaces, for example, defined by three or more disks. 

Furthermore, the housing has an inlet configured to feed particulate material to the 
plurality of transport channels and an outlet configured to discharge particulate 
material from the plurality of transport channels. 
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Further example embodiments employ inlet configurations for 
controlling the flow of input particulate material such that different materials or 
different particle sizes are fed to respectively different transport channels of the 
rotor. Further example embodiments employ outlet configurations having multiple 
outlet openings corresponding to the multiple transport channels of the rotor. Yet 
further example embodiments employ transport channels having differing widths, 
where the channel widths are selected to provide a prescribed mixture of different 
materials or different particle sizes transported in different channels. In yet further 
example embodiments, the transport channel widths are selectable and variable. 

While, as noted above, an apparatus according to an example 
embodiment of the present invention may appear, in side view, similar to the prior 
art apparatus in Fig. 1, a further example apparatus embodiment of the present 
invention is shown, in side view, in Fig. 3. The Fig. 3 apparatus embodiment is also 
shown in Fig. 4, in cross-sectional view, along the cross-section lines 4-4 of Fig. 3. 
A furtiier embodiment is shown in exploded view in Fig. 5, wherein components 
corresponding to components in the embodhnoit of Figs. 3 and 4 are 
correspondingly numbered. 

More specifically. Figs. 3 and 4 show a transport apparatus 100 
having a housing 112, an inlet 114 and an outlet 1 16 defining an outlet opening 1 17. 
As best shown in Fig. 4, the housing 1 1 2 contains a drive rotor 1 1 g having a 
plurality of drive surfaces which define a plurality of transport channels. 

In the embodiment of Figs. 3 and 4, four disks 121-124 define six 
drive surfaces 125 - 130 and three transport channels 131-133 therebetween. The 
end disks 121 and 124 each define a single drive surface 125 and 130, respectively. 
On the other hand, the intermediate disks 122- 123 each define two drive surfaces; 
that is, drive surfaces 126 and 127 are the two faces of disk 122, and drive surfaces 
128 and 129 are the two faces of disk 123. Each transport channel 13 1 - 1 33 is 
located between a pair of opposed drive surfaces and is bordered on a third side by a 
stationary glide surface 138 within the housing interior and on a fourth side by a hub 
section of the rotor 118. 

In one preferred ^bodiment, the rotor 118 comprises a single, 
generally cylindrical hub member 140, the plurality of disks 121 to 124 (either 
fixedly secured to the generally cylindrical hub or formed integral therewith) and a 
pair of shaft sections 142 and 144 extending from the opposed ends of the hub. The 
shaft sections 142 and 144 may be two respective sections of a single shaft 
extending axially through the center of the hub (as shown in broken lines in Fig. 4). 
Alternatively, the shaft sections 142 and 144 may be two individual, but axially 
aligned, shafts that are coupled to (or formed integral vrith) the hub 140 or the end 
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disks 121 or 124. In yet a further embodiment, shaft section 142 (and corresponding 
bearing 145, described below) may be omitted and the rotor 118 may be supported 
in a cantilevered fashion by shaft 144 (and bearing 148 described below), as shown 
in solid lines in Fig. 4. 
5 Thus, as shown in Fig, 4, the shaft section 144 extends fi-om a first 

end of the hub 140 and is coupled to a drive transmission device 143. In one 
embodiment, the shaft section 144 is supported for rotation by a first bearing 
member 148 on a wall 147 of the housing to support the rotor 1 18 in a cantilevered 
maimer, as shown in solid lines in Fig. 4. Alternatively, a second shaft section 142 
1 0 may extend firom the second end of the hub 140 to be supported for rotation on 
hotising wall 146, by a second bearing member 145, as shown in broken lines in 
Fig. 4. 

The drive transmission device 143 is operatively coupled to a drive 
motor 150 or other suitable drive means to transmit rotary drive force firom the 

1 5 motor to the shaft 142 and, thus, to the drive rotor 118. In preferred embodiments, 
suitable motor speed, transmission or braking controls (not shown) are provided to 
allow control and regulation of the rotational velocity of the shaft 142 and, thus, the 
drive surfaces 125- 130. 

With respect to any one transport channel 1 3 1 , 1 32 or 1 33, the 

20 principles of operation are similar to a single channel device such as described in 

any or a combination of the above-cited patents. Accordingly, principles of operation 
with respect to an individual transport channel described in the above-cited patents 
are incorporated herein by reference. In general, in each of the transport channels 
131-133, particulate material is acted upon by the drive walls associated with the 

25 channel and fiictional forces associated with the stationary glide surface 138, to form 
a compacted, moving dynamic mass at the outlet of the apparatus. However, with 
three transport chaimels as illustrated in Fig. 4, the combined transport rate (or 
through-put) may be as high as three times the rate of a single channel apparatus 
having a single channel with a cross-section area equivalent to one the three 

30 chaimels. 

Furthermore, better metering precision may be obtained with the 
multiple-channel apparatus, than with a single channel apparatus having larger 
transport channel sizes (cross-sections) than the channel size (cross section) of one 
of the channels in the multiple-channel apparatus. Larger transport channels have a 
35 greater tendency to produce avalanching or cascading effects (surging and slowing 
of the feed rate) at the outlet, instead of feeding out at a uniform feed rate. Because 
multiple channels apparatuses may be configured with smaller channel sizes than 
single channel apparatuses having similar feed rate and volume capabilities, 
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avalanching and cascading effects at the outlet may be minimized without limiting 
the feed rate and volume. 

Yet fiirther advantages with respect to feed control are available with 
the multiple chamiel device, such as the ability to feed at a metered rate and unifomi 
distnbution over a relatively wide area. Thus, for a given chamiel width W a 
multiple-channel apparatus having N side-by-side channels (where N>1) will defme 
an overall width (combined width of all chamiels) of NW, which is greater than the 
overall channel width W of an apparatus having a single channel (N=l) 
Accordingly, for a given channel width, the width of the area at the outlet of the N 
chamiels is thus, greater than the width of the area at the outlet of a single chamiel 
apparatus. Therefore, according to one preferred embodiment, multiple chamiel 
apparatuses are employed in systems which feed material, for example, at a unifonn 
and controlled rate, over a wide surface area, such as onto a wide process feed belt or 
to a matenal processing machine having a wide processing area, such as an array of 
1 5 hammers m a multiple-hanuner hammennilL 

In addition, for a given channel width, the inlet area defined by a 
multiple chamiel apparatus is greater than that defined by a single chamiel ^paratus 
Thus, according to further embodiments of the-present invention, multiple chamiel 
apparatuses are employed in systems which supply material to the apparatus over a 
relatively wide area. In addition, multiple chamiel apparatuses may be configured 
with relatively wide inlet openings and, thus, may be employed for transporting 
materials that have a tendency to bridge or jam within smaller width inlet openings 
Multiple channel apparatus can provide fiirther advantages with respect to the ability 
to feed fine or powdeiy materials while minimizdng fluidization of the material 
withm the channels and minimizing cascading or surging effects at the outlet (as 
compared to a single channel defining the same volmne as the multiple channels). 

In prefeired embodiments, the hub 140 of the rotor 1 18 comprises a 
unitary cylindrical member to which a plmality of disks and the two shaft sections 
142 and 144 are either coupled or integrally formed, for example, as shown in Fig 6 
In one preferred embodiment, the rotor (including the hub, disks and shaft sections) 
are formed as a single unitary body, for example by such processes as, but not 
hmited to, molding, casting, machining from a solid body, selective deposition 
modeling, stereolithography, a combination thereof, or the like. A unitary drive 
rotor stmcture can be beneficial with respect to minimizing manufecturing cost and 
35 minimizing assembly complexity. 

According to alternative embodiments, the drive rotor 1 1 8 comprises 
an assembly of a plurality of rotor components which may be manufactured 
individually. For example, in the Fig. 7 embodiment (shown in exploded view) the 
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rotor components include a generally cylindrical hub member 140 and a plurality of 
disk members 121 - 124. The disk members each have a central opening of a 
diameter dimensioned, with respect to the diameter of the cylindrical hub member, 
to allow the disk members to slide axially over the hub member for positioning the 
5 disks at respective disk positions along the length of the hub member. 

According to the Fig. 7 embodiment, the disk members 121 - 124 are 
manufactured separately from the hub member 140 and then are assembled and 
coupled with the hub member. The disk members may be coupled in an 
operationally fixed position relative to the hub member by any suitable coupling 

10 means, including, but not limited to welding, bolting, brazing, swaging and the like. 
Alternatively (or in addition), a plurality of key slots 160 (or other suitable coupling 
or alignment components) may be formed or provided at suitable locations along the 
length of the hub member to mate with key members that fit into corresponding slots 
162 on the disk members. 

15 The shaft ends 142 and 144 in the Fig. 7 embodiment may comprise 

two ends of a common shaft extending through the length of the hub member 140. 
Alternatively, the shaft ends may be two separate, but axially aligned shafts 
extending from two opposite ends of the generally cylindrical body of the hub 
member 140. 

20 Embodiments, such as that of Fig. 7, wherein the drive rotor is 

assembled from disk member components and a single hub component can allow 
flexibility in rotor designs, while minimizing manufacturing costs by minimizing the 
number of different types of components. For ex2imple, a plurality of different rotor 
designs, each having different disk spacings (spacings between disks) and/or 

25 different numbers of disks may be manufactured using components as shown in Fig. 
7, but with the disk-to-hub coupling locations (or key or slot 160 locations) selected 
to allow more or less disk members to the hub member or to provide a variety of 
disk member spacing arrangements. 

Another rotor assembly embodiment having separate disk and hub 

30 members is shown in Fig. 8, In the Fig. 8 embodiment, the rotor assembly includes 
a central shaft 170 (defining shaft end sections 142' and 144') and a plurality (four) 
of disk members 121' - 124'. Also, instead of a single, conunon hub member, the 
Fig. 8 embodiment includes a plurality (three) of generally cylindrical hub members 
140a - 140c, wherein each hub member is disposed between a respective pair of disk 

35 members. Each of the disk and hub members includes a central opening of a 

diameter dimensioned, with respect to the diameter of the central shaft 1 70, to allow 
the disk and hub members to slide axially over the central shaft for positioning the 
disks at respective disk positions along the length of the shaft. Keys or slots (or 
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other suitable coupling or alignment components) may be formed or provided at 
suitable locations along the length of the shaft to mate with corresponding slots or 
keys on the disk and hub members. simUar to that described above with respect to 
the keys and slots 1 60 and 1 62. 

Rotor assembly embodiments with a plurality of separate hub 
members, such as the Fig. 8 embodiment, also provide adv^tages with respect to 
design flexibility, minimization of disk repair and replacement cost, and 
mmimization of the number of different types of parts thatmust be manufactured for 
different rotor designs, as described above with respect to the Fig. 7 embodiment 
Assemblies having apluiality of hub members can also provide the advantage of 
allowing replacement of a scored or otherwise damaged hub sections. However 
such embodiments require more components and can be more expensive to ' 
manufacture and assemble than a single, common hub design, as shown in Fig 7 

^^t^^^^'-l-oto^- assembly embodiment having separate disk and hub 
members is sho^ in Fig. 9. In the Fig. 9 embodiment, the rotor assembly includes 

acentralshaftl70andaplurality(four)ofdiskmembersl2r'-124". Eachofthe 
disk members sho^ in Fig. 9 includes a disk and a hub section coupled, or formed 
integral with each other. For example, the two end disk members 121" and 124" 
each have a single, genemlly cylindrical hub section coupled or fonned integral 
there^th and extending axially from one disk face. Each of the mtemiediate disk 

T!!" ^^"^^^^ - '^^^ -tegnd therewith 
and extending from the two respective disk faces. Each of the disk members 

includes a cen^ opening of a diameter dimensioned, with respect to the diameter of 

tiie cenual shaft 1 70, to aUow the disk members to slide axially over the central shaft 

for positionmg the disks at respective disk positions along the length of the shaft 

Keys or slots (or other suitable couplmg or alignment components) may be formed 

or provided at suitable locations along the length of the shaft to mate with 

cortesponding slots or keys on the disk members, similar to that described above 

^ ^^'^^S^^^^the central shaft 170, the hub portions that extend 

from the facing surfaces of each pair of adjacent disk members in Fig. 9 are abutted 
end-to-end with each other, to define a complete hub section between the two 
adjacent disks. In alternative embodiments, one or more disk members 12r-124" 
may be devoid of a hub section, but instead abut the hub section of an adjacent disk 
member or the hub sections of two adjacent disks. Also in alternative embodiments 
one or more inteimediate disk members 122"-123" may be provided with only one ' 
hub section extending axially from one disk face, while tiie otiier disk face abuts the 
hub section of an adjacent disk member. 
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The exploded view of Fig. 5 illustrates further aspects of a housing 
according to an embodiment of the present invention. The illustrated housing 
includes a rear housing wall 1 90, an abutment member 200, a front wall 202, and 
side walls 146 and 147 which, when assembled, define an open interior for 
5 containing a multiple-disk rotor 118. In preferred embodiments, the drive rotor 118 
is formed as a single, unitary structure, such as described above with respect to Fig. 
6. However, other embodiments may employ any suitable rotor assembly design, 
such as those described above with respect to Figs. 7-9. 

The rear housing wall 190 in Fig. 5 includes an inside surface which 

1 0 defines at least a portion of a stationary glide surface 1 38. A further portion of the 
glide surface 138 may be defined by other surfaces, such as the inside-facing surface 
of a bottom wall (not shown). However, in the Fig. 5 embodiment, the rear wall 190 
is configured to curve around the bottom of the drive rotor and, therefore defines the 
rear and bottom walls of the housing as well as the stationary inner-facing surface 

15 138 along substantially the entire length of each transport channel. The rear wall 

1 90 includes a lip 1 9 1 along the bottom edge thereof 

The abutment member 200 in Fig. 5 comprises a plurality of 
abutment sections 201 separated by slots through which the disks extend, where 
each abutment section 201 fits within the space between a pair of disks associated 

20 wth a corresponding transport charmel 131 - 133. Each abutment section 201 

directs the moving mass of particulate material in the associated transport channel, 
out of an outlet of the apparatus. 

The front wall 202 includes six access doors or panels 207, which are 
aligned with the spacings between disks and which are removable to allow access to 

25 the housing interior, for example, for servicing, inspection, dust removal, or the like. 
Further openings may be provided, for example, in the rear wall 190, and covered 
with a durable, transparent material, to provide a viewing window into one or more 
of the transport channels. The front wall 202 includes a lower wall portion 203, 
which opposes and is spaced from the lip 191 of the rear wall of the housing, when 

30 assembled. 

The housing in Fig. 5 includes an inlet 114 comprising a four-sided 
firame assembly, open through the center to all three transport chaimels 131-133. 
The housing also includes an outlet, comprising an opening defined between the lip 

191 of the rear wall 190 and the lower portion 193 of the front wall 202, and 

35 between the two side walls 146 and 147, In one embodiment, the outlet comprises a 
single, elongated outlet opening which spans all of the transport channels. 
Alternatively, the outlet opening may be divided by one or more barrier members. 
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for example, panels aligned with one or mo,« disks, to maintain the separate flows of 
matenal from different transport channels separated from each other at the outlet 

A set of shroud members 208 - 21 1, one for each disk, may be 
provided between the inlet member 1 14 and the outer peripheral disk edges, to help 
direct incoming particles into the transport chamxels and to minimize the passage of 
dust and debris into other areas of the housing. The shroud members 208 - 21 1 may 
be coupled or fomied integrally with the inlet member 1 14, the abutment member 
200 or both. The walls 146 and 147 may be secured to the front and rear walls 202 
and 190 by any suitable means including, but not limited to threaded comiectors 
rivets, welds, orthe like. Similarly, the inlet member 114 may be secured to any' one 
or combmation of the four waUs 146, 147, 190 and 202, and the abutment member 
200 IS secured to the front wall 202, by any suitable means including, but not limited 
to those discussed above. 

Various aspects of the present invention may be employed in a wide 
variety of muW^^hamiel apparatus configurations. For example, while the 
embodmient illustrated in Figs. 3-9 employ three transport channels (defined 
between four disks), other embodiments may employ any suitable number of disks 
for providmg two or more transport channels. The number N of disks is preferably 
selected, based on a number of factors, for example, relating to characteristics of the 
matenal to be transported (such as mass, size, moistme content, etc.) and relating to 
system demands (such as feed volume demand, inlet or outlet area demand, etc ) In 
preferred embodiments, the disks are arranged coaxially, wherein each end disk in 
the coaxial arrangement defmes a single drive surface, while each intermediate disk 
in the arrangement defines two drive surfaces (one for each disk face). Accordingly 
m such an arrangement, a number N of disks will defme N-1 transport channels and' 
2N-2 dnve surfaces. 

Fig. 10 shows embodiments of housing and drive rotor components 
of a multi-channel apparatus (in exploded view), wherein the drive rotor 300 has 
more than seventy disks. More particularly. Fig. 10 shows the two side walls and 
the rear side of a housing 302 configured to contam the i^tor 300. The two side 
walls 304 and 305 include openings 306 and 307, respectively, through which the 
shaft sections 308 and 309 of the drive rotor 300 extend. Suitable bearing and seals 
(not shown) rotatably couple the shaft sections within the wall openings 306 and 
307 respectively. While not shown in Fig. 10, a drive motor may be coupled to one 
of the shaft sections 308 or 309, for example, through a transmission member, as 
descnbed above. Also, while not shown in Fig. ] 0, an apparatus according to the 
Fig. 10 embodiment further includes other components described above with respect 
to the embodunent of Figs. 3-5, including an inlet member, a front wall defming one : 
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or more outlet openings and an abutment member. The Fig. 10 embodiment may 
also include shroud members as described above. However, in further embodiments, 
the shroud members may be omitted. 

A glide plate 310 extends from one housing side wall 305 to the 
5 opposite side wall 306 and curves around the periphery of the rotor disks, from the 
inlet to the outlet of the housing. As best shovm in Fig. 1 1, the glide plate 310 
defines the stationary surface 138 which defines the outer periphery of the transport 
channels, such as described above with respect to the Fig. 9 embodiment. A set of 
support rib members 312 may be disposed along the length of the glide plate. Each 

10 support rib member 312 comprises a plate section extending substantially 

perpendicular to the glide plate 310, between the glide plate and the base 314 and 
also between the glide plate and the rear side of the housing.. A top flange plate 316 
is provided along the length of the glide plate 310, adjacent the inlet. 

The inlet member for the housing embodiment of Fig. 10 may 

15 comprise a frame stmcture having a single opening feeding all of the transport 

channels simultaneously, similar to that described above with respect to the Fig. 9 
embodiment. In further embodiments, however, the inlet member may include (or 
be coupled to) a plurality of separate inlet channels, wherein each inlet channel is 
aligned with (and feeds) a respective individual transport channel or set of transport 

20 channels. For example. Figs. 12 and 13 show an embodiment of an inlet member 
320 having six separated inlet channels 321 - 326 coupled to feed material into the 
transport channels of drive rotor 300 of the Fig. 10 embodiment. 

Each inlet channel 321 - 326 effectively operates as a hopper or 
funnel, directing particulate material vsdthin the channel into the inlet of the transport 

25 apparatus, directly above a respective plurality of transport chaimels. Each inlet 
channel 321 - 326 may be coupled to the same or different sources 328 of material, 
such as a reservoir, hopper, fluidized entrainment device or other material storage or 
conveyance device. 

In operation, particulate material is provided from one or more 

30 sources 328 to the inlet channels of the inlet member 320. The particulate material 
is stored within the hopper-like configuration of the inlet channels and is directed 
through the inlet opening of the housing. This incoming particulate material enters 
the transport channels of the drive rotor, while the rotor is rotatably driven within the 
housing. The rotary motion of the disk faces on the incoming particulate material, in 

35 combination with the friction provided by the stationary surface 138, impart a 

compaction and drive force on the material. As a result, the material forms a moving 
dynamic mass in each transport channel, which is conveyed out the outlet of the 
apparatus. 
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Embodiments which employ separate inlet channels for separate 
transport channels (or sets of transport channels), such as shown in Figs. 12 and 13, 
may be employed to convey and meter a mixture of different materials fix)m 
respectively different sources 328. Moreover, the concentration of various materials 
in the metered mixture may be controlled by controlling the number of transport 
channels which receive the various types of materials. Thus, for example, because 
the system shown in the Fig. 12 includes six inlet channels that are coupled to six 
separate sources of material and feed an equal number of transport channels, the 
system will discharge a mixture composed of substantially equal concentrations (by 
volume) of the six different types of materials. However, other embodiments may 
employ more or less inlet channels and more or less different sources of material, to 
provide other mixtures and concentrations. 

In fiirther embodiments, more than one inlet channel may be coupled 
to the same source, to increase the concentration of material from that source in the 
15 mixture discharged from the transport apparatus. In yet further embodiments, the 
number of transport channels aligned with each inlet channel may vary among the 
different inlet channels, again to control the concentration of different materials in 
the resulting discharge mixture. In yet further embodiments, one or more of the inlet 
channels may be selectively closed or blocked from receiving material fix)m a source 
or from feeding material to the transport apparatus, to conteol the resulting discharge 
mixture or rate. 

Thus, a multiple-channel apparatus can provide the ability to divide 
one inlet flow (a single flow of material to an inlet common to all channels) in a 
ratio dependent on the set spacings between disks (channel widths). For example, a 

25 rotor 400, as shown in Fig. 14, may include a plurality of (four in Fig. 14) channels 
401, 402. 403 and 404, the respective widths of which are defined by the relative 
spacings between adjacent disks. The plural channels are fed by a common inlet 
1 14. In this manner, the flow of material fed into the apparatus through the common 
inlet 1 14 is automatically divided into the plural channels 401-404, at a ratio 

30 determined by the relative channel widths. Thus, the relative channel widths in Fig. 
14 may be, for example. 2:3:4:1 would provide a division of the volume of mlet 
material into the same ratio. The outlet of the apparatus may be divided into 
separate outlet channels (for example, by positioning barriers in the outiet as 
discussed above) to maintain the division of the material in the prescribed ratio, as 

35 the material exits the apparatus. In this manner, the outlet may feed material into 
muhiple flow paths, one for each channel 401-104, such that the ratio of the volume 
of material fed into the flow paths corresponds to the ratio of the channel widths. 



20 
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Alternatively, the plural channels may be fed, at the inlet side, with 
materials from a corresponding plurality of separate sources and the flow at the 
outlet side may be a combined flow from all of the channels. In this manner, the 
apparatus may provide a mixing operation (at a ratio defined by the relative channel 
5 widths), while feed the materials. Thus, several inlet streams of material (for 
example, sand, cement and gravel) may be fed at a constant ratio to the inlet to 
provide a resulting mixture (for example, a concrete mixture) from the outlet of the 
apparatus. 

In a fiirther embodiment, flie position of at least one disk relative to 

10 the axial dimension of the drive rotor is variable and may be selected and changed, 
for various applications of use. Thus, for example. Fig. 15 shows a drive rotor 500 
having multiple (two) channels 501 and 502, defined by multiple (three) disks 503, 
504 and 505 supported on a hub 506. The center disk 504 is configured to be 
slidable along the axial length of the hub 506 and is securable to the hub at any 

15 position along the length of the hub, between the other two disks 503 and 505. 

Means for securing (fixing) the disk 504 to a selected position on the hub 506 may 
include, for exeunple, key and slot arrangements, as described above. However, 
altemative mechanisms suitable for securing the disk 504 to the hub may be 
employed. By selecting the position of the disk 504, the ratio of the discharge from 

20 the two channels 50 1 and 502 on either side of the disk 504 is thereby selected. The 
discharge ratio may be reset by simply resetting the position of the disk 504 relative 
to the hub axis. Furthermore, while Fig. 15 illustrates a selectable ratio embodiment 
involving only one selectively positionable disk 504, other embodiments may 
employ any suitable number of selectively movable disks. 

25 Also as shown in Fig. 1 5, in preferred embodiments, the inlet and/or 

the outlet of the housing may be pro\4ded with a movable firame portion or barrier 
which is selectively positionable to align with the selected position of the disk 504. 
In this manner, the separation of material between channels 501 and 502 is 
maintained at the inlet and/or the outlet. 

30 In yet a further embodiment of a selectably moveable disk 

arrangement, at least one of the disks is preferably provided with a width dimension 
(width between opposite-facing disk surfaces) sufficient to allow adjustment of one 
or more channel widths without altering the inlet and/or outlet duct dimensions. 
Thus, for example, as shown in Fig. 16, a rotor 600 is provided with a plurality of 

35 disks (two are illustrated as 601 and 602), defining one or more transport channels 
603 (preferably plural transport channels) therebetween. Each disk is provided with 
a width dimension D (the dimension between opposite facing disk surfaces) which 
aligns with the edge of an inlet fi:ame portion 604 or a barrier within the inlet 
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opening, such that material fed through the inlet (between the frame portions 604) is 
directed into the chamiel 603. The width W of the chamiel 603 is dependent on the 
relative spacing between the disks 601 and 602. The channel width W may be 
adjusted by moving one or both disks 601 and 602, relative to the hub 605 
However, because of the alignment of the inlet frame portions 604 with the width 
dmiension D of the disk, each disk may be moved (up to a total distance D), vAnlc 
stiU mamtaining aligmnent with the inlet frame portion. In this regard, the inlet need 
not be altered to accommodate different disk spacings. Similarly, the outlet may be 
provided with fi^e portions or barriers which align with the width dimensions D of 
the disks and which, therefore, need not be altered to accoimnodate different disk 
pacings. Accordingly, the channel width ofacham^el in a single channel device or 
the chamiel width of one or more chamiels in a multiple-chamiel device may be ' 
readily selected and varied, to select or change the output rat« of the chJmiel(s) 
without requiring alterations to inlet or outlet configurations. 

In yet a fiirther embodiment, a housing configuration may be 
provided for accommodating any one of a pIumHty of different drive rotors, wherein 
each dnve rotor is provided with a disk spacing arrangement different from the other 
dnve rotors. In this mamier, a user may simply select a suitable drive rotor (ynfh the 
suitable chamiel widths) for a particular application of use and install the selected 
rotor mto the housing. The drive lotors may be selected, for example, based on the 
type of materials to be transported, or for providing particular mixing ratios 
transportmg ratios or the like. In this mamier, a system may include a single 
housmg, a set of a plurality of rotors, each having different disk spacings and 
smtable mechanisms for allowing the installation and removal of any one of the 
plural rotors. A user, then, may select an appropriate rotor for a particular 
application of use. install the rotor in the housing and run the apparatus for the 
intended appUcation. TTie user may employ the same housing and a different rotor 
for a second application of use. 

In preferred embodiments ofthe replaceable rotor arrangement at 
least the central disks of each rotor are provided with width dimensions D (width 
between opposite facing disk surfaces) sufficient to aUgn with inlet frame portions or 
bamers and ouUet frame portions or barriers ofthe common housing structure 
Thus, for example, in the five disk (four chamiel) arrangement shown in Fig. 17. a 
rotor 700 is supported in a housing 720 and has disks 70 1 , 702, 703, 704 and 705 
which align with inlet frame portions or barriers 706 and outlet frame portions or 
bamers 708, to ensure that the flow paths through the chamiels are maintained as 
shown by arrow 709, 710, 711 and 712. The blend ratio ofmaterial at the outlet is 
dependent on the relative spacings between the disks (the channel widdis). Thus the 
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rotor 700 shown in Fig. 17 provides a particular blend ratio. A different blend ratio 
may be selected by installing a different rotor having different relative disk spacings 
(and channel widths). In preferred embodiments, the width dimension D of at least 
the central disks on each rotor in the set is sufficient to allow the disks for each rotor 
S to align with the inlet and/or outlet frame portions or barriers. In this manner, the 
same (or common) housing 720 may be employed with any one of the rotors in the 
set of plural rotors, without requiring adjustment to the inlet or outlet configuration. 

Various improvements with respect to drive force, inlet members, 
moving particulate material against fluid pressure, moving fine and powdery 

10 material as described in the above-cited patents may be included in any of the above- 
described embodiments of the present invention. For example, embodiments may 
include disk surface discontinuities such as described in further detail in U.S. Patent 
No. 5,355,993, incorporated herein by reference, shroud plates or other inlet 
enhancements as described in further detail in U.S. Patent No. 5,485,909, 

15 incorporated herein by reference, features for enhancing the ability to transport 
material across a pressure differential as described in further detail in U.S. Patent 
No. 5,402,876, or inlet extensions and deaeration devices as described in further 
detail in U.S. Patent No. 5,497,873. 

While embodiments described above include housings having side 

20 walls (such as walls 146 and 147 in Fig. 5 and walls 304 and 305 in Fig. 10) which 
enclose the outer disks of the drive rotor within the housing interior, other 
embodiments may employ side walls that have circular openings for receiving the 
outer or end disks on of the drive rotor. More particularly, as shown in Fig. 1 8, a 
housing side wall 146' is provided with a opening, within which the end disk 121' of 

25 a drive rotor is positioned to rotate. A suitable seal is provided around the peripheral 
edge of the end disk, to minimize the passage of dust and debris from the interior of 
the housing, while allowing the disk to rotate relative to the side wall, hi this 
embodiment, the bearing member 145 for the drive rotor shaft may be disposed 
outside of the housing, to minimize contamination of tiie bearing structure with 

30 debris and dust from the housing interior. 

The transport apparatus elements described above are preferably 
made of high strength steel or other suitable material including, but not limited to, 
other suitable metals and alloys, high strength polymers, plastics, composite 
materials, or the like. The interior surfaces of drive disks and hubs are preferably 

35 made of an abrasion-resistant metal or other suitable materisd having friction or 
adhesion qualities to facilitate the transportation of material toward the outlet. In 
suitable applications, the interior stationary wall 138 may be composed of a low 
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friction material, including, but not limited to. ultra high molecular weight 
polyethylene or stainless steel. 

Having thus described exemplary embodiments of the present 
mvention, it should be understood by those skilled in the art that the above 
disclosures are exemplaiy only and that various other alternatives, adaptations and 
modifications may be made withinthe scope of the present invention. The presently 
disclosed embodiments are to be considered in all respects as iUustmtive and not 
leslnctive. The scope of the invention being indicated by the appended claims 
rather than the foregomg description, and all changes which come within the 
meaning and range of equivalency of the claims are, therefore, intended to be 
embraced therein. 
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What is claimed is: 

1 . An apparatus for transporting particulate material, comprising: 

a housing having an inlet for receiving particulate material and an outlet; 

a rotor having a plurality of disks spaced apart by hub sections and defining a 
5 plurality of transport channels between said disks, said transport channels extending 
between said inlet and said outlet, said rotor supported within said housing interior 
for rotation relative to said housing interior. 

2. An apparatus as recited in claim 1, wherein said plurality of disks 

10 comprises no more than N adjacent disks disposed coaxial with each other, each disk 
having a pair of opposed disk faces and wherein said plurality of transport chaimels 
comprises no less thanN-1 transport channels, each transport channel being defined 
between two mutually facing disk faces of two adjacent disks. 

15 3. An apparatus as recited in claim 1 , wherein at least one of said 

plurality of disks comprises at least one disk face defining a series of discontinuities. 

4. An apparatus as recited in claim 1 , wherein each of said disks has at 
least one disk face defining a series of discontinuities. 

20 

5. An apparatus as recited in claim 1, wherein said inlet comprises a 
plurality of inlet channels, each inlet channel disposed in particle flow 
communication with a plurality, but not all of said transport channels. 

25 6. An apparatus as recited in claim 1 , wherein said inlet comprises a 

plurality of inlet channels corresponding in number to said plurality of transport 
channels, wherein each inlet channel is disposed in particle flow communication 
with a respective one of said transport channels. 

30 7. An apparatus as recited in claim 1 , wherein said inlet comprises no 

more than one inlet channel provided in particle flow communication with said 
plurality of transport channels. 

8. An apparatus as recited in claim 1 , wherein said outlet comprises a 
35 plurality of outlet channels, each outlet channel disposed in particle flow 
conununication with a plurality, but not all of said transport channels. 



BNSDCX:iD: <WO ^0007912At_l_> 



wo 00/07912 

20 PCT/US99/169I6 

9 An apparatus as recited in Claim 1. Wherein said ouUet comprises a 
«of outlet channels co^esponding in number to saidp,^^^^ 
channels, wherem each ouUet chamxel is disposed in particle flow Jmmunicatil 
with a respective one of said transport chamiels 

5 

10. An apparatus as recited in claim 1, wherein said outlet comprises no 
more than one outlet channel provided in particle flow communication with said 
plurality of transport channels. 

disksandh H "^^"^^^^'^^'^"^^'-^---d rotor, incl^^^ 

disks and hub sections, are composed of a single, unitary body. 
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12. An apparatus as recited in claim 2, wherein- 
said plurality of disks of said rotor comprise N separable disk-shaped 
members, each disk-shaped member havmg a centml aperture through which the 
axis ofthe disk-shaped member extends; gnwmchthe 

n,en,h "^"^''^ ^ P*"^^*^ of separable cylindrical 

members each cy hndncal member having a central aperture through which the axis 
of the cylindrical member extends; and e n me axis 

ar>er. V'"" ^^^^^ 

™s of ^d disk-shaped members and said cylindrical members and supporting 

said disks and hub sections m a coupled relationship with each other. 

13. An appamtus as recited in claim 1, wherein the rotor defines an axial 
d^andatleastoneofthedisksontherotorissel^^^^^^^^ 

one of plural positions along the axial length ofthe rotor. 

14. An apparatus as recited in claim 1, wherein the inlet ofthe housing 
defines a plurality of inlet chamiels separated by at least one barrier and wherein 
each barrier aligns with a respective disk on the rotor. 

15. Anapparatusasrecitedinclaiml,whereintheoutletofthehousmg 
defines a plurality of outlet channels separated by at least one barrier and wherein 
each bamer aligns with a respective disk on the rotor. 

1 6. A system for transporting particulate material, comprising- 
a housing having an inlet for receiving particulate material and an outiet; 



^'^'SOOCID: <WO ^0007912A1J_> 



wo 00/07912 PCTAJS99/16916 

21 

a set of plural of rotors, each rotor having a plurality of disks spaced apart by 
hub sections and defining a plurality of transport channels between said disks, each 
rotor having a different relative disk spacing than at least one other rotor in the set; 

wherein the housing defines a support structure for supporting each of said 
5 plural rotors, one at a time, and for allowing replacement of one of said rotors for 
another of said rotors, wherein the support structure supports each said rotor for 
rotation within the housing interior, with said transport channels extending between 
said inlet and said outlet. 

10 17. A system as recited in claim 1 6, wherein the inlet of the housing 

defines a plurality of inlet channels separated by at least one barrier and wherein 
each barrier aligns with a respective disk on the rotor. 

18. A system as recited in claim 16, wherein the outlet of the housing 

1 5 defines a plurality of outlet channels separated by at least one barrier and wherein 
each barrier aligns with a respective disk on the rotor. 

19. A process for transporting particulate material, comprising: 
providing a housing having an inlet and an outlet; 

20 supporting a rotor for rotation in the housing, wherein the rotor has a 

plurality of disks spaced apart by hub sections and defines a plurality of transport 
channels between said disks, extending between said inlet and said outlet 

receiving particulate material through the inlet of the housing and into the 
transport channels; and 

25 rotating the rotor to transport received material through the housing toward 

the housing outlet. 

20. A process as recited in claim 19, wherein said step of receiving 
particulate material comprises receiving particulate material in a plurality of 

30 separated inlet channels, wherein each inlet channel is aligned with at least one of 
the transport channels. 

21 . A process as recited in claim 19, wherein said step of receiving 
particulate material comprises receiving particulate material in a plurality of 

35 separated inlet channels, wherein each inlet channel is aligned with no more than 
one of the transport channels. 



BI4SDOCID: <WO ^000791 2A1,I_> 



wo 00/07912 

PCT/US99/I6916 



1/15 




SUBSTITUTE SHEET (RULE 26) 

BNSOCX:iD:<WO___0007912A1J_> ' 



wo 00/07912 



2/15 



PCT/US99/16916 




.00079 12A1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 



PCT/US99/16916 



3/15 




BNSDOCID: <WO____0CXI7912A1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 PCTAJS99/16916 

4/15 




BNSOOCIO: <WO p007912A1 J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 

PCT/US99/I6916 



5/15 




BNSIX3CID: <WO____0007912A1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 



PCT/US99/16916 



6/15 




wo 00/07912 



7/15 



PCT/US99/I6916 




BNSOOCID: <WO ^0007912A1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 PCTAJS99/16916 

8/15 




BNSIXXID: -eVKO p0O79iaMJ_> 



SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 



PCTAJS99/16916 




SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 



PCT/US99/16916 




.0007012A1J_: 



SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 



PCTAJS99/16916 



11/] 5 




SUBSTITUTE SHEET (RULE 26) 

BNSDOCia <WO ^(IO076iaA1_l_> 



wo 00/07912 



12/15 



PCT/US99/16916 



114 




401 402 403 404 



FIG. 14 



SUBSTITUTE SHEET (RULE 26) 

BNSOOCID: -ONO p007912A1J_> 



wo 00/07912 



PCTAJS99/16916 



501 



503- 



13/15 



■504 



-500 



-502 



-505 



m 

FIG. 15 



700- 



709 710 711 712 

















^707 




--707 














































































^708 




--708 






-^708 




701 


r702 


f ^ 


r 70 


3 ^ 


r 71 


4 y 


r 



■720 



-705 



FIG. 17 

SUBSTITUTE SHEET (RULE 26) 



wo 00/07912 



PCT/US99/16916 



14/15 




BNSCXXID: <WO 000791 2A1J_> 



SUBSTITUTE SHEET (RULE 26) 



•» t 

wo 00/0791 2 PCT/US99/1 69 1 6 

15/15 




FI6.18 



BNSOOCID: <WO ^00079iaA1_l_> 



SUBSTITUTE SHEET (RULE 26) 



* V 



INTERNATIONAL SEARCH REPORT 



Intemationai application No. 
PCT/US99/169I6 



A. CLASSIFICATION OF SLIBJECT MATTER 

IPC(6) :B 65 G 31/04 
US CL : 198/642 

According to International Patent Classification (IPC) or to both national classification and IPC 

B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 

U.S. ; 198/642, 723; 4 15/90; 406/52, 71, 96, 99 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



A 
A 
A 
A 



Citation of document, with indication, where appropriate, of the relevant passages 



us 1,106,444 A (EDISON) 11 August 1914, all 

US 2.210,505 A (SINDEN) 06 August 1940, all 

US 4,213,709 A (VALSAMIS) 22 June 1980, all 

US 4,421.412 A (HOLD ET AL) 20 December 1983, all 



Relevant to claim Ho. 



1-21 
1-21 
1-21 
1-21 



I I Further documents are listed in the continuation of Box C. | | See patent family annex. 



special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

cBilier document published on or after the intemationai filing date 

docutnent which may throw doubts on priority ctatm(s> or which is 
ciled to establuh the publicauon date of another citation or other 
special reason (as specified) 

document referrmg to an oral disclosure, use. exhibition or other 



document published prior to the intemauonal filing date but later than 
the prtority date claimed 



•T" later document published after the intemationai fUtng date or priority 

date and not in conflict with the applicatioa but cited to understand 
the principle or theory underlying the inrention 

'X" document of particular relevance; the claimed invention cannot be 

considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

*Y* document of particular relevance; the claimed invention cannot be 

considered to mvolve an inventive step when the document is 
combined with one or more other such documents, such ccmibination 
being obvious to a person skilled in the art 

'&* document member of the same patent family 



Date of the actual completion of the international search 
02 SEPTEMBER 1999 


Date of mailing of the international search report 

210CT1S99 


Name and mailing address of the ISAAJS 
Commissioner of Patents and Trademarks 
Box PCT 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


JOSEPH E. VACETOA^^^ / 
Telephone No. (703) 308-2577 



r..... «... /.-icond sheetXJuly 1992)< 

BNSDCXJID: <WO ^0007912A1J_> 



THIS PAGE BLANK (USPTO) 



